Introduction
During the past decades our understanding of interannual climate variability associated with the phenomenon of El Nifio-Southern Oscillation (ENSO)has been greatly advanced by focusing on the tropical Pacific Ocean and atmosphere interactions [e.g., Suarez and Schopf, 1988; Philander, 1990 150øW-90øW, 5øS-5øN ) and in the extratropical central Pacific (160øE-160øW, 35øN-45øN The local ocean-atmosphere coupling in the extratropics is a difficult problem. One of the major unresolved issues is how the atmosphere responds to SST anomaly. There has been a controversy regarding whether the atmospheric response is cyclonic or anticyclonic to an extratropical warm SST anomaly. General circulation models [e.g., Ting, 1991 ] suggest that a cyclonic response to warm SST anomaly is a masonable assumption. Note that how the atmosphere responds to an extratropical SST anomaly does not qualitatively affect the behavior of the model here, as discussed later. If the extratropical warm (cold) SST tends to produce low (high) pressure, then the low (high) pressure induces positive (negative) wind stress curl which induces upwelling 
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• -A(a/y)•/2e ø sin(• + •+ ½), The sensitivity of the oscillation period to the model parameters was also studied. The oscillation period increases with increasing parameters a, c, and f, whereas it decreases with increasing parameters d, e, and b (not shown). The model can oscillate over a broad range of model parameters and over a broad range of time scales. Eqs. (7) and (8) 
Discussion
The coupled tropical-extratropical oscillator model proposed herein is different from that of Gu and Philander [1997] . In their model, the key for interdecadal oscillations is the delay term which represents the effect of an influx of ocean water from higher latitudes on equatorial SST. The influx following surfaces of constant density, which rises from the tropical thermocline to the ocean surface in the extratropics, affects the equatorial thermocline and then equatorial SST via equatorial upwelling. The whole process is parameterized by a delay term. Without the delay term, their model can not oscillate.
In our coupled tropical-extratropical oceanatmosphere model, the Hadley Circulation along with oceanic meridional heat transport connects the tropics and extratropics. The model oscillation does not require the delay physics. The model oscillates as a natural oscillator of the coupled tropical-extratropical ocean-atmosphere system. The Walker and Hadley Circulations provide positive feedbacks for the tropics and the extratropics, respectively, resulting in an out-of-phase relationship between the tropical and extratropical SST anomalies. Negative feedbacks due to meridional heat transport and the effect of the Hadley Circulation on the tropics bring the system from warm (cold) to cold (warm)phases. Since the coupled system herein involves the heat exchanges between the tropics and extratropics, it may implicitly include the water influx from higher latitudes, as suggested by Gu and Philander [1997] .
The heuristic tropical-extratropical oscillator model herein gives a periodic solution, whereas the climate variability of the coupled tropical-extratropical system in nature is irregular. Introduction of random forcing to a perfectly periodic oscillatory system can lead to irregular oscillations [e.g., Gu and Philander, 1997] The model provides a possible explanation for the climate variability of the coupled tropical-extratropical system. However, more realistic coupled tropical-extratropical oceanatmosphere models are necessary to investigate the validity of the mechanism proposed herein.
In particular, the atmospheric Hadley Cell needs to be further investigated since observations indicate its connections to climate variability (e.g., Fig. 3 ), but its impacts on the interactions between the tropics and extratropics have not been well studied.
